SUMMARY
Effects of Climate Variability and Change on Agricultural Production: The Case of Small-scale Farmers in Kenya
Justus Ochieng, Lilian Kirimi and Mary Mathenge BACKGROUND Climate change has significantly affected global agriculture in the 21 st century and the Intergovernmental Panel on Climate Change (IPCC) assessment report indicates that most countries will experience an increase in average temperature, more frequent heat waves, stressed water resources, desertification, and periods of heavy precipitation (IPCC, 2014) . In Kenya, agriculture continues to be the mainstay of the economy with an estimated GDP share of 27 per cent (ROK, 2015) making it an important contributor to employment and food security of rural households. Climatic variability and change directly affect agricultural production and food security given that most of the population in Kenya live in the rural areas and relies on agriculture for their livelihoods. For example, since the early 1990s, Kenya has been affected by the droughts of 1991-2, 1992-3, 1995-6, 1998-2000 and 2004 , the El-Niño rains that resulted into floods of 1997-1998 and the drought of 2008-9. Climate change directly impacts on agricultural incomes as Kenya relies on rain-fed crop production. The effect will be worse due to the fact that there is still limited investment on irrigation since out of total land under agricultural production only about 1.5 percent is irrigated (NIB, 2014) . In response to the challenges posed by climate change and variability, the government has put in place a National Climate Change Response Strategy (NCCRS) and in January, 2014 launched the Galana Kulalu food security project in Tana River area in the Coastal region. Mixed results have been reported on the impact of climate change on food production in Kenya with some reporting positive and others negative effects which vary by region. 
DATA AND METHODS
We use a balanced four rounds household data (2000, 2004, 2007 and 2010 Note: Crops-Include revenue from all crops grown by farm household.
Predicted effect of climate change
Projections from KMS data indicate that annual rainfall will increase by 11.2%, 26.3% and 29.8% in 2020, 2030 and 2040, respectively-which are similar to predictions by CIAT (2011). Based on previous studies that temperature in Kenya is likely to increase between 1 0 C to 2.5 0 C on average (CIAT 2011), we assumed that the annual temperature will increase by 1 0 C in 2020 and 2 0 C and 2.5 0 C in 2030 and 2040, respectively. Simulation results in Table 3 show that increasing rainfall will have positive significant effect on crop revenue but will negatively affect tea revenue by 2020, 2030 and 2040. Holding all other factors constant, an increase in rainfall by 26% in 2030 and 30% in 2040 would significantly decrease tea revenue by 6% and 9%, respectively (Table 3) . Tea as a crop is very sensitive to both rainfall and temperature and any excess would negatively affect production patterns. 
Effect of climate variability and change on production
To assess the effect of climate change on agricultural production, we estimated fixed effects model for crop, maize and tea revenues. Findings show that the coefficients associated with the temperature are much larger than those of rainfall, confirming the previous findings that contribution of temperature to global warming is much more important than rainfall in Kenya. Long-term effects of climate change (in relation to temperature) on crop production are larger than shortterm effects, an indication that farmers need to adapt effectively to reduce extreme effects of weather variability.
The interaction term between rainfall and temperature have a negative and significant correlation with crop and maize revenues implying that there is an effect without a strong interaction between rainfall and temperature (Table 2) . On the other hand, climate effect on tea exhibit strong positive interaction between rainfall and temperature because tea production significantly depends on stable temperatures and consistent rainfall patterns. High temperature causes drying of the soils resulting to limited water content available for tea, decrease yields and negative impacts on quality while low temperature causes severe frost leading to scorching of tea plant to death.
We also controlled for household fixed effects by adding socio economic variables on crop, tea and maize revenue regression. The results show that education, land owned, increase in use of chemical fertilizers and agricultural assets has a significant role in improving agricultural revenues. Agricultural assets are significantly important for attaining higher crop and maize revenues and being closer to fertilizer shop and motorable road significantly helps farmers to reduce transaction costs and increase crop incomes. 
CONCLUSION
Based on the analysis, we find that climate change has potential to significantly affect small-scale farmers' livelihoods by either decreasing or increasing the farm revenues. Temperature has negative effect on crop and maize revenues but positive one on tea while rainfall has negative effect on tea incomes. Long-term effects of climate change on crop production are larger than shortterm effects. Findings also show that temperature as a contributor to global warming is much more important than rainfall in Kenya. Climate change effect on tea production strongly depends on stable rainfall and temperature but does not for all crops and maize. Thus crop production and also tea as the main foreign exchange earner in Kenya will be adversely affected by climate variability and change if nothing is done. 
RECOMMENDATIONS
There is need to rethink about the likely harmful effect of climate variability and change in the future and integrate it into agricultural and environmental policy formulation processes. Much effort should be made in consolidating and implementing policies particularly those that prevent destruction of natural environment and ensure that crop insurance as a risk coping mechanism has a solid framework to enhance its uptake by farmers. Given that the human activities are the major drivers of climate change; it is necessary to invest in adaptation measures at national, county and farm level especially in the tea growing regions as a way of building farmers' resilience.
In this regard, farmers should adopt an integrated approach comprising of adaptation measures.
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